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SUMMARY

Problem.

Heat strain associated with firefighting training and shipboard

firefighting is a significant problem for naval personnel. Firefighting

in the heavily insulated protective ensemble prevents heat dissipation,

while exposure to high heat and steam in a firefighting compartment

accelerates heat gain. Consequently, an effective microclimate cooling

system is necessary to prevent heat illness and improve firefighting

performance. Previous laboratory studies suggest that torso cooling

using a 6-pack vest reduces heat strain. However, few studies exist on

the effectiveness of cooling vests of different sizes in reducing heat

strain when worn under the firefighting protective ensemble during rest

and exercise in an environment high in heat and humidity. Size

constraints of the single-piece standard Navy firefighting ensemble

warrant investigation of a smaller and lighter 4Q-Tr,

Objective.

The primary objective of this study was to evaluate the

effectiveness of two different-sized (4-pack vs. 6-pack) cooling vests

in reducing heat strain in men resting and exercising in a hot/humid

environment.

Approach.

Laboratory tests were conducted in an environmental chamber with

ambient conditions of 94 ± 0.9 0 F dry bulb, 84 ± 0.50F wet bulb, 3

relative humidity (RH), and 87 ± 0.5 0 F wet bulb globe temperature. ;:-.

v.onteers (n=12) experienced in the use of firefiohti-

equipment were monitored for rectal temperature T:.-, ,.eighzed mean

temperatures (T.•,:) , heart rate (HR), energy expenditure <iatts

of perceived exertion (RPE), and thermal sensation (TS, . Sl ou e 3_s ___

participated in three tests under the following conditions: ncrro-

cool vest), 4-pack (60 oz) gel pack cool vest, and a 6-pack > ge:

pack cool vest. The cool vests were worn under the firefighting ensemble

and over Navy dungarees. The heat exposure protocol consisted of two 0

cycles of 30 min seated rest and 30 min walking on a motorized treadmill

at 2.5 mph and 0% grade.- /
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Results.

The tolerance time for the control condition (92.8 ± 19.9 mini was

significantly less than both vest conditions (120 t 0 min). Wearing a

cool vest was associated with lower rates of increase in core and skin

temperatures. The rates of increase in Tre were 1.2 ± 0.190 C.hr-1, 0.76
± 0.17 0 C.hr-1 , and 0.41 ± 0.140 C.hr-I for control, 4-pack, and 6-pack vest

conditions, respectively. The rate of rise in T,.k exceeded the rise in
core temperature in all conditions and ranged from 1.4 0 C.hr"I for a 6-pack
vest to 2.1 0 C.hr-I for control. Peak values for body temperature were

also lower with the cooling vest. Peak core temperature values were 38.9

± 0.5 0C, 38.6 ± 0.4 0 C, and 38.0 ± 0.3 0 C for control, 4-pack, and 6-pack

vest conditions, respectively. The respective peak mean skin temperature
(Tmsk Peak) values for control, 4-pack, and 6-pack vests were 38.4 ±

0.5 0 C, 38.1 ± 0.5 0 C, and 36.8 ± 0.7 0 C. Also, the rate of body heat

storage (HS) was significantly different among the conditions. The

respective rates were 48.5 ± 7.0, 35.0 ± 7.4, and 22.4 ± 5.7 watts-m-2 for

control, 4-pack, and 6-pack vest conditions, respectively. Energy
expenditure varied in response to the rest/exercise cycles, but was

similar among all conditions. HR corresponded to changes in energy
expenditure, however during the second rest/exercise cycle HR was

significantly higher for control, followed by a lower HR for the 4-pack

and by the lowest HR for the 6-pack vest conditions.

Conclusions.

The two cool vests significantly increased tolerance time during

rest and exercise in a hot/humid environment. Under these environmental

conditions, a cool vest worn over the torso prevents excessive increases
in T.., and Tn,,, HR, and HS. The 4-pack and 0-cack "-ess 7

comparable cooling during the first hour of heat exposure; however,

6-pack vest resulted in significantly lower core and skin t:emperatures,
HRs, and HS at the end of exposure. Wearing a cool vest can potentially

reduce the risk of heat illness and improve performance of iamage rz2

personnel wearing the firefighting ensemble.



INTRODUCTION

Understanding the impact of heat strain on the performance of naval

personnel has important application to shipboard fire-suppression

activities. Firefighting is associated with heat strain as demonstrated
by large increases in skin and core temperatures and near maximal heart
rates (Duncan et al., 1979; Romet and Frim, 1987; Bennett et al., 1992).
These responses can be attributed to body heat production caused by

wearing 30 to 40 pounds of personnel protection equipment, the physical

effort associated with carrying equipment (e.g., fire hose, ventilation

fans), and the heat gain due to exposure to high ambient temperatures and
humidity.

Evidence supports the use of microclimate cooling systems as a
countermeasure to heat strain (Speckman et al., 1988). The benefits of

microclimate cooling are documented in Air Force ground crews (Terrian

and Nunneley, 1983), helicopter crews (Banta and Braun, 1992), shipboard

personnel working in high-heat areas (Janik et al., 1987), and armored.
vehicle crew and soldiers wearing chemical protection overgarments in the

heat (Speckman et al., 1988; Muza et al., 1988). However, microclimate

cooling systems using air- or water-cooled undergarments may not be

practical for shipboard firefighters. Pimental et al. (1991) reported
that a passive cool vest employing frozen gel blocks worn under the

firefighting protective ensemble was an effective countermeasure to heat

strain during rest and exercise. However, they evaluated only a large
6-pack cool vest since their primary purpose was to compare heat strain
while wearing the firefighting ensemble in different configurations.

Consequently, due to the size constraints of the single-piece

firefighting ensemble, it is necessary to determine if a smaller •n

lighter 4-pack cool vest can provide cooling comparable to the 6-pack
vest. Therefore, the purpose of this study was to compare differences

in the heat strain reduction of two different-sized gel pack cool vests

with a no vest condition (control) in naval firefighters performing rest

and exercise cycles in a hot/humid environment.

METHODS

Subjects.
Twelve males served as subjects and all were experienced in the use

of firefighting protection equipment. Nine of the twelve subjects worked
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in a hot environment five days a week. The amount of time daily spent

in this environment ranged from one to six hours. Three subjects did not

work in a hot environment. The physical characteristics of the subjects

are presented in Table 1.

Table 1. Physical characteristics of the subjects.

Subject Age Height Weight BSA Body Fat

(yrs) (cm) (kg) (m2 ) (%)

1 32 174.0 64.0 1.77 12.4

2 21 175.3 68.8 1.85 17.0

3 20 172.7 57.4 1.68 10.0
4 22 172.7 65.4 1.78 14.7

5 27 165.1 65.5 1.73 15.7

6 23 180.3 71.4 1.90 14.2

7 29 172.7 70.1 1.83 20.0

8 26 165.1 84.2 1.91 .23.0

9 24 179.1 79.2 1.99 24.0

10 27 194.3 66.6 2.40 22.7

11 25 177.8 82.2 2.00 21.5

12 27 171.4 66.6 1.79 17.2

Mean±SD 25.3±3.5 175.0±7.7 74.0±13.7 1.88±.2 17.7±4.5

BSA = body surface area (mi)

Medical Screening.

Each subject gave his informed consent prior to participaio I

testing. All subjects underwent medical screening *..hich incici ,

medical history questionnaire, body composition assessment, and resting

electrocardiogram (ECG) . Body surface area (m-) was calculated according

to the height and weight regression equation of DuBois (Carpenter, 1964).

A U.S. Navy regression equation was used to calculate percent body fat

using height and circumference measures of the neck and abdominal region

(Hodgdon and Beckett, 1984).

ECG electrodes were placed on each subject's chest in the area of

the heart (Mason-Liker configuration). Two electrodes were placed on the

upper chest near the shoulders, and two others on the waist toward the
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sides of the body. Six electrodes were also placed on the chest around

the lower border of the left chest. Resting ECGs and blood pressures

(BP) were taken in supine, seated, and standing conditions. All subjects

completed an incremental treadmill exercise test to voluntary exhaustion

(Bruce protocol). Maximum HR was determined as the highest HR obtained

during the test. Throughout recovery, the subject's HR and BP were

monitored until they returned to resting values.

Experimental Procedures.

The previous night and the morning of the heat-exposure test,

subjects were instructed to drink generous amounts (32 oz) of fluid

(noncaffeinated beverages) to ensure normal body hydration. Urine was

collected prior to testing for measurement of specific gravity to

determine body fluid level.

The heat exposure protocol consisted of two cycles of 30 min seated

rest, and 30 min walking on a motorized treadmill at 2.5 mph and 0%

grade. The ambient environment during heat exposure was 94 t 0.9 0 F dry
bulb, 84 t 0.5 0 F wet bulb, 87 ± 0.5OF wet bulb globe temperature, and 65%

RH.

All subjects participated in three different tests with the

following conditions: no vest (control), 4-pack cool vest, and a 6-pack

cool vest with the vest worn under the firefighting ensemble. The tests
were administered in random order. During each test, subjects wore a T-

shirt, long-sleeved cotton shirt, jeans (Navy dungarees), socks, and

boondocker boots as the basic undergarment. In the cool-vest trials, the

vest -:a: orn over this clothing ensemble and under the protectxe

overgarment. The cool vests (Steele, Inc., Kingston, WA 98346) contained

either four or six frozen gel thermostrips, weighing 15 oz and 27 oz,

respectively, which were kept frozen at -28 0 C until use. The 6-pack vest

had three frozen gel strips placed horizontally across the front of the
vest in separate pockets, and three corresponding strips across the back.

The 4-pack had two strips placed vertically on the front, and two strips

placed horizontally on the back. Each pocket of the two vests was

externally insulated with Thinsulate to keep the thermostrips cool.

During each test, the subjects wore the standard Navy-issue damage
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control gear: flash hood, helmet, gloves, single-piece Nomex
firefighting ensemble, and an oxygen breathing apparatus.

Prior to each heat exposure, subjects inserted a rectal thermistor
to a depth of 20 cm in the rectum. Skin thermistors were placed over the

right shoulder, upper right chest, midlateral thigh, and midlateral calf.

Three ECG electrodes were placed on the chest to monitor HR. Tr,, Tm1k.

and HR were recorded at 1-min intervals by a portable Squirrel data
logger (Science/Electronics, Miamisburg, OH 45342) worn outside the

ensemble. HR was also recorded by a Polar Heartwatch system (Polar, USA,

Inc., Stamford, CT 06902). Pre- and post-nude body weights as well as

fluid intake and output were recorded to determine change in body weight.

In addition, subjects were asked to rate their perception of
physical exertion and TS at 15-min intervals. RPE were determined from

the Borg 15-point scale (6 to 20) (Borg, 1985). The scale ranged from
very very light (6) to very, very hard (20) physical exertion. For the

ratings of TS, an eight-point scale (1 to 8) was used which ranged from

unbearably cold (1) to unbearably hot (8) (Young, 1987). Ratings of TS
included an overall body rating, as well as five local body areas (head,

neck, chest, arms, and legs).

Energy expenditure was measured once during each rest and exercise

period at minutes 15, 45, 75, and 105. The helmet and oxygen breathing

apparatus were removed and the subject's expired air was collected for

two minutes in a meteorological balloon in series with a mouthpiece and
two-way valve. During these periods, subjects were allowed to drink as

much water as desired to minimize the effects of dehvdration. Expired

oxygen and carbon dioxide concentrations were measured by gas analyzers

(Med-Graphics Metabolic System), and gas volume was determined by a 120-

liter Tissot tank.

After their final session, all subjects completed a questionnaire

concerning their perception of the benefits and limitations of using the

cool vests during firefighting.

The following criteria were used for removal of the subject from

heat exposure: Tre of 103.1 0 F; systolic BP of 220 mm Hg or diastolic
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pressure of 120 mm Hg; HR of 85% of predicted maximum or greater for 20

min; absence of sweating or presence of chills, nausea, weakness, or

dizziness; or subject desiring to terminate heat exposure.

TmSk was calculated as the average of four skin temperatures using a

weighted regression equation (Ramanathan, 1964). Mean body temperature

(T,) was calculated according to a weighted regression equation (Stolwijk

and Hardy, 1966) using Tr, and T,,k. Body heat content (BHC) was

calculated using T,, body weight in kilograms, and the specific heat of

the body (0.83 kcal.kg.CV'). Heat storage (HS) (kcal.kg"') equaled the

difference in BHC from resting to peak values. The rate of HS was

calculated as the change in BHC (kcal.m-.hr"1 and watts.m"2 ) over time.

The average total body sweat loss was calculated as the difference

between pre- and post-body weight, corrected for fluid input and output.

Fluid balance (l-hr"1) was calculated using the fluid intake, fluid

output, and sweat rate.

Statistical Analysis.

Data was statistically analyzed by a repeated measures analysis of

variance with two factors, time and condition. Comparison of means was

achieved using 95% confidence intervals. Complete data were analyzed

through the second rest period. Repeated measures analysis of variance

was also done through the second exercise period, however only six

c:.r:r3_ grup subjects were included in the analysis due !3

:.:.erance:-me. Significance is reported at p<'.25.

RESULTS

Heat Exposure Tolerance Time.

The tolerance time for the control group was significantly less than

both vest conditions. The mean (t SD) tolerance time was 92.8 = 19.9 min

for the control condition. Six subjects completed between 68 and 84 min,

three subjects completed between 99 and 101 min, and three subjects

completed 120 min. All subjects with vests completed 120 min of heat

exposure.
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Enerqy Expenditure and HRs.

Energy expenditure (watts) varied with rest and exercise, but was

similar (p>.05) among conditions (Table 2).

Table 2. Energy expenditure (watts) during rest and exercise periods.

Rest I Exercise I Rest II Exercise II

Control 105 ± 28 420 ± 70* 138 ± 24 410 ± 40*
(no vest) n = 12 n = 12 n = 9 n = 3

4-pack 97 ± 12 414 ± 86* 110 ± 18 432 ± 72*
vest n =12 n =12 n =12 n =12

6-pack 90 ± 47 426 ± 88' 104 ± 24 432 ± 100*
vest n =12 n =12 n =12 n =12

= Significantly higher than rest(p<.05)

There was a significant (p<.05) effect of time and condition on HR.

The cyclical HR response paralleled energy expenditure over the rest and

exercise cycles. There was no significant difference in HR among the

three conditions during the first rest/exercise cycle. However, during

the second rest period HR was significantly (p<.05) different among the

conditions. At 90 min, HRs were 129 t 12, 103 ± 15, and 84 ± 8 beats per

minute (bpm) for control, 4-pack vest, and 6-pack vest conditions,

respectively. At the end of the second exercise period, the 6-pack vest

had a significantly (p<.05) lower HR than either control or 4-pack vest

conditions (170 ± 15, 169 ± 15, and 148 ± 15 bpm for control, 4-pack and

6-pack vests, respectively). The average HR response for all conditions

over time is shown in Figure 1.

:ccdv Temperatures and HS.

For T, T...., and T.,,, there was . net increse

differed among the three conaitions. The body temperatures Lncreased

progressively during the exercise periods for all conditions. During the

rest period, body temperatures continued to increase, plateau, or

decrease, depending upon the condition. At the end of the first exerc:se

period, control had a significantly higher T,.. than the 6-pack vest, and

during the second rest, T,.. was significantly different among all

conditions (38.5 ± 0.3, 37.8 ± 0.4, and 37.4 ± 0.2 0C for control, 4-

pack, and 6-pack, respectively). The same trend continued through the
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final exercise period with T,, remaining significantly different among the

groups. The rates of increase in Tm, were 1.2 ± 0.19, 0.76 ± 0.17, and

0.41 ± 0.14 0C.hrI for control, 4-pack, and 6-pack vest conditions,

respectively. The average Tr, response over time for each condition is

plotted in Figure 2.

At the end of the first exercise period, TfSk was significantly

different among all conditions. Control had the highest Tmk, followed by

the 4-pack and 6-pack vest conditions, respectively. This trend

continued throughout heat exposure with significant differences among

groups during the second rest/exercise cycle. The rate of rise in TS.k

exceeded the rise in T,, for all conditions and were 2.1 t 0.36, 1.8 ±

0.43, and 1.41 ± 0.44 °C.hr>, for control, 4-pack, and 6-pack,

respectively. The T,,, response over time is plotted in Figure 3.

Convergence of Tr, and T,,k occurred in seven of the twelve subjects during

the control condition, and in two of twelve subjects during the 4-pack

vest condition. During the 6-pack vest condition, no subjects

experienced convergence of core and skin temperatures.

T, was significantly (p<0.05) different among the conditions during

the first exercise and second rest/exercise cycle (Figure 4). The rates

of increase in T.,,, were 1.3 ± 0.20, 0.93 ± 0.18, and 0.60 = 0.15 °C.hr

for control, 4-pack, and 6-pack vest conditions, respectively.

The peak T-, T... and T as well a Ha re showr.•-n a-'-

peak a3!.es in r=th ves- - -. .-

exposure (120 mini. For the control condition, with the excepzion of HR,

peak values also occurred at the termination of heat exposure, with

termination times ranging from 68 to 120 min. Peak HR for the control

condition occurred during the first exercise period (30 to 60 min) for

six subjects, and the second exercise period (90 to 120 min) for the

remaining six subjects.
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Table 3. Peak rectal -_mpera-•r-e - .. we:;hted mean skin tempera:tre
(T,.,), mean body temperature L. and neart rate (HR) responses during
heat exposure.

Tr, Peak Tmk Peak Tb Peak HR Peak

(°C) (OC) (OC) (bpm)

Control 38.9 ± 0.5* 38.4 t 0.5* 38.7 ± 0.5* 166 ± 14*

4-pack vest 38.6 t 0.4* 38.1 ± 0.5* 38.4 ± 0.4* 169 ± 16*

6-pack vest 38.0 ± 0.3 36.8 t 0.7 37.7 ± 0.3 148 ± 15

* - Significantly higher than 6-pack (p<.05)

Heat exposure produced average heat storage values of 1.48 ± 0.29

and 0.93 ± 0.23 kcal.kg' for the 4-pack and 6-pack vest configurations,

respectively (Figure 5). For the control condition, the average HS was

1.27 ± 0.30, 1.88 ± 0.27, and 2.25 ± 0.17 kcal.kg: for tolerance times

of 68 to 84 min, 99 to 101 min, and 120 min, respectively (Figure 5).

The rate of HS over the entire heat exposure was significantly (p<0.05)

different among the conditions. The respective rates were 48.5 ± 7.0,

35.0 ± 7.4, and 22.4 t 5.7 watts m-2 for control, 4-pack, and 6-pack vest

conditions, respectively. The rates of HS during individual rest and

exercise cycles were also significantly different among conditions (Table

4).

Table 4. Rates of Body Heat Storage (HS) (watts-m-) during rest and
exercise in the heat.

Re ESer:s Se Rest c er cS e

(no vest) n = 12 n = 12 n = 12 n =6

4-pack 11.4 ± 11.8* 63.7 -20.1 1.4 ± 8.2* 57.3 ± 18.2

cool vest n = 12 n 12 n - 12 n = 12

6-pack 4.1 ± 8.2* 46.8 ± 16.0* -12.4 :±1 .6* 45.6 ± 13.-

cool vest n =12 n =12 n =12 n =12

= Significantly different among all conditions (p<.05,



Fluid Loss.

The average total body sweat losses for the control group were 1627

± 197 grams (g), 1907 ± 767 g, and 1503 ± 373 g for 120 min, 99 to 101

min, and 68 to 84 min tolerance times, respectively. The 4-pack and 6-

pack vest conditions had total body sweat losses of 1659 ± 694 and 1497

t 479 g, respectively (e.g., 6-pack sweat loss equivalent to 1.497 liter

[1] or 3.3 pounds). The respective sweat rates for control, 4-pack, and
6-pack conditions were 1.09 ± 0.35, 0.83 ± 0.33, and 0.75 ± 0.24 l.hr"'.

The sweat rate for control was significantly (p<0.05) higher than the 6-

pack condition. The fluid balance (lhr-') was not significantly

different among the conditions (-0.63 ± 0.45, -0.44 ± 0.29, and -0.48 ±

0.28 l.hr-' for control, 4-pack, and 6-pack, respectively).

Perceived Exertion and TS.

The subjects' perceptions of TS and perceived exertion varied

significantly (p<0.05) across time. RPE coincided with the cyclical

changes in HR and energy expenditure during the rest/exercise cycles.

RPE was similar among the conditions during the first rest/exercise

cycle, but during the second cycle, the control condition had a
significantly (p<0.05) higher RPE than both vest conditions (Table 5).

Table 5. Ratings of perceived exertion (RPE) during rest/exercise cycles.

Rest I Exercise I Rest II Exercise II

Control 7 2 1 14.1 3._ 1-3.8 3.6* 15.7 4.2-

vno -.est) r. 2l112 == ,_- n = 2 =

4-pack 6.5 _ 0.3 12.2 ± 2.4 9.1 ± 2.6 14.6 ± 2.9+

cool vest n = 12 n = 12 n = 12 n = 12

6-pack 7.3 ± 1.6 12.7 ± 1.8 8.5 ± 2.0 13.3 ± 2.3+

coo1 vest n =12 n =12 n =12 n =12

= p<0.05 (control vs. 4-pack and 6-pack vests)

+ = Subjects' time to exhaustion varied in Exercise II
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Overall TS was significantly different over time for all conditions.

Overall TS was significantly (p<0.05) higher for the control condition

throughout heat exposure as compared to the two vest conditions which

remained similar (Table 6). Regional TSs were similar among groups

during the first rest/exercise cycle, with the exception of the chest.

Chest TS was significantly (p<0.05) hotter throughout heat exposure for

the control group compared to both vest conditions.

Table 6. Overall thermal sensation (TS) during rest/exercise cycles.

Rest I Exercise I Rest II Exercise II

Control 5.0 ± 0.8* 6.2 ± 0.8* 6.6 ± 0.8* 6.8 ± 0.8*+

(no vest) n = 12 n = 12 n = 12 n = 3

4-pack 4.3 ± 0.4 5.1 ± 0.8 4.9 ± 0.7 5.8 ± 0.7+

cool vest n= 12 n= 12 n= 12 n= 12

6-pack 3.8 t 1.2 5.1 ± 0.7 4.0 ± 1.2 5.5 ± 0.9+

cool vest n = 12 n =12 n =12 n =12

* = Significantly higher than 4- and 6-pack conditions (p<.05)

+ = Subjects' time to exhaustion varied in Exercise II

The questionnaire completed at the end of the study indicated that

all subjects, given the opportunity, would wear a cool vest during

firefighting. F'urth-er, subjects felt that the vest would not prevent
them from 4udging the intensity and potential danger of a fire. Subjects

a'so indicated the 4-pack vest was superior with respect to fit and

weight, while the 6-pack vest offered the most body cooling. The

questions and answers are shown in Table 7.
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Table 7. Post-heat strain stu-dy ,uestions and answvers.

Question Answers

In a large firefighting scenario, would Yes No
you wear a cool vest to minimize heat 12 0
strain? _________ _______

If yes, which vest would you wear? 4-pack 6-pack Either
9 2 1

Do you think the use of a cool vest Yes No
would prevent you from adequately 1 11
judging the intensity and potential
danger of the fire?

From the standpoint of fit and weight, 4-pack 6-pack Either
which cool vest was the most comfortable 11 1 0
to wear? I

Which cool vest offered the most body 4-pack 6-pack Either
cooling? 0 11 1

DISCUSSION

This study demonstrates the effect of torso cooling vests on heat

strain and tolerance in naval personnel while at rest and performing

light to moderate exercise in a hot/humid environment. The torso cooling

vests resulted in lower heat strain and completion of the two-hour test

protocol. Other investigators have reported similar findings (Pimental

et al., 1991).

Effect of Cool Vests on Body Temperature Responses.

"ast and exercise in a hot/humid environment while wear... ,.e

standard Navry firefighting protective nse•rrze leads :. ýnre.

and peripheral body temperatures. Pimental et al. 1991 reporae -

average rise in T... of 1.8 0 C in subjects wearing the standard Navy

firefighting ensemble and performing rest/exercise cycles (15 min rest/15

min exercise) for two hours in 90OF and 60% RH. This rise is similar to

our control subjects' rise of 1.8 0 C. However, our control subjects

reached a higher T,,.k Peak than observed by Pimental et al. (38.4 vs

37.4 0 C, respectively).

In our study, increases in core and peripheral body temperatures

were lower for both the 4- and 6-pack cool vest conditions compared to

14



the control condition. The ;S-ack vest .. n.

both T.. and T,,,. T., increased 0.8 ± 0.280C which is comparable to the
0.90C reported by Pimental et al. (1991) while wearing the 6-pack Steele

vest. However, our Tmk peaks were greater than those reported by

Pimental et al. for subjects wearing the 6-pack vest (36.8 ± 0.7 vs.
33.2 0 C, respectively). The difference in skin temperatures between these

two studies may be due to the slightly higher air temperature and

humidity confronting our subjects. When evaporative cooling is minimized

by protective' overgarments, skin temperature is closely related to
ambient temperature. In addition, the subjects in the study by Pimental

et al. were heat acclimated prior to heat-exposure tests. It is known

that heat acclimatization is associated with greater sweat rate, and
hence lower exercise skin temperatures (Wenger, 1988).

In our study, the 6-pack vest had a greater impact on reducing heat

strain than the 4-pack vest in the second hour. The larger 6-pack vest
was associated with lower core and skin temperature, suggesting a greater

transfer of heat to the environment. The available surface cooling area

of the 4-pack vest (1449 cm2 ) is 52% of that in the 6-pack (2795 cm2 ),

while the weight of coolant in the 4-pack vest (1.8 kg) is 39% of that

in the 6-pack vest (4.6 kg). The greater surface area and cooling

capacity of the 6-pack vest (2.5 times greater) likely contributed to the
differences in core and skin temperature.

HS DurinQ Heat Exposure.

Convergence of skin and rectal temperatures has been postulated to

be an indication of impending collapse (Pandolf and Goldman, 1978,. This

concept suggests that ac thermal convergence the body can n _n

transfer heat from its core to the skin for iýsslpaýi on to :he

environment. However, Nunneley et al. (1992) reported that during

exercise in hot and humid conditions, thermal convergence did not

accurately predict heat tolerance or affect the rate of rise in
temperature or HR. The majority of subjects in their study continued

walking after attaining convergence until reaching a core temperature of

39.0 °C.

In our study, thermal convergence occurred in six of our nine

control subjects terminating heat exposure before two hours. In the
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three control subjects who finished the er.: 're -ot cco, h :ne
brief periods of convergence. However, despite instances of rher-lal

convergence, there was no heat illness observed in any of our subjects.

Our findings suggest that thermal convergence is not a prelude to

termination of heat exposure under these environmental conditions.

Heat tolerance may also be due to body heat accumulation (Shvartz

and Benor, 1972; Henane et al., 1979). Shvartz and Benor reported that
the maximum tolerable HS associated with exercise in the heat is 2.12
kcal-kg"1 . However, for our control subjects completing between 63 and

84 min, average HS at termination was 1.26 ± 0.30 kcal.kg-'. The three

control subjects who completed between 99 and 101 min HS averaged 1.88
± 0.27 kcal.kg-', while those who completed 120 min had an average heat
storage of 2.25 ± 0.17 kcal.kg-. All the control subjects (n=9) unable

to complete the protocol complained of dizziness, light-headedness, and

tingling sensations in their arms and hands. BP was monitored during
recovery and all subjects had lower BP than pre-exposure values,

suggesting that BP regulation was affected. These findings suggest that
factors other than HS and/or thermal convergence contribute to heat

intolerance.

Effect of Cool Vests on HR and RPE.
Higher HRs accompanied rest and exercise during the control

condition compared to both vest conditions. During heat exposure and
exercise, HR increases to maintain cardiac output and active muscle and

skin blood flow. However, the increased skin blood flow leads to a
reduction in cardiac filling pressure and s7roke -.ollme 'Rowei!, 93

Nadel et al. , 1979 . The . HR -f the ..... zc:... :on ... = -r

the vest conditions and the progressive .increase in HR for all con6.lz::ns

with each respective rest and exercise ero,-d, ggess a greater need

to dissipate body heat.

During exercise in normal environmental conditions ý23 0 ,C, 5%-

there is a high correlation between the level of physical exertion, RPE,
and HR (Borg, 1982). In our study, RPE followed the HR response during

rest and exercise in all conditions. Up to 90 min, the control condition

had both the highest HR and RPE followed by the 4-pack and 6-pack vest
conditions, respectively. However, during the final exercise period RPE



was similar among tne three conditions despite signifiJ-anrly hiler

average HR for the control and 4-pack conditions. Since the energy

expenditure among the conditions was similar and HR results from brain

commands and muscle reflexes (Mitchell, 1990), our findings suggest that

RPE is a poor indicator of physical exertion.

Effect of Cool Vests on TS.

In our study, overall TS increased over time for all conditions in

accordance with the increase in Tr. and TmSk. In addition, overall TS and

T..k were higher for control compared to both vest conditions. This

supports the concept that sensory perception closely parallels skin

temperature during heat exposure (Gagge et al., 1967). The differences

between the 4-pack and 6-pack conditions for both Tr, and TCk gradually

became larger as heat exposure continued. However, TS remained similar

between the two vest configurations. This suggests that the l-to-8

numerical TS scale lacked the specificity to distinguish between the

subjects' different physiological responses during the two vest

conditions. Thus, the TS scale was only sensitive enough to detect the

larger differences in body temperature between the control and vest
conditions.

Effect of Cool Vest on Post-Heat Strain Questionnaire Responses.

Results of the post-test questionnaire showed that all subjects felt

the cool vests were effective in reducing heat strain during rest and

exercise in the heat. The subjects also felt that their ability to

accurately judge the heat and potential danger of the fire wouli be

maintained despite the cooling effect of the ";ests. This belief is

supported by the first hour of subjective data which shows only smral

differences among conditions in some regional TSs such as head, arms, and

legs. The 4-pack vest was most desirable in terms of fit and weight,

while the 6-pack was desired for its' greater cooling capacity. These

findings suggest that the cool vests would be accepted by fleez personnel

employed in damage control operations in a hot environrmen:.

In conclusion, 4--pack and 6-pack cool vests reduced heat strain

during rest and exercise in a hot/humid environment. The cool vests were

associated with significantly smaller increases in Tr,, TmSk, and HR when

compared to wearing no vest. In addition, HS, an important factor in

17



heat tolerance, was lower when wearing a cool .es:. The ecreased heat
strain when using a cool vest was accompanied by lower perceptions of
physical exertion and TS. All subjects felt the cool vests were
effective in reducing heat strain and all reported they would choose to
wear a cool vest during active shipboard firefighting. These physio-
logical, perceptual, and acceptance findings suggest that the cool vest
is an effective countermeasure to heat strain for fleet personnel
involved in damage control operations in a hot/humid environment.

13



REFERENCES

Banta GR & Braun DE (1992). Heat strain during at-sea helicopter
operations and the effect of passive microclimate cooling. Aviat.
Space Environ. Med. 63:881-885.

Bennett BL, Hagan RD, Banta GR, & Williams FW (1992). Physiological
responses during shipboard firefighting. Aviat. Space Environ. Med.
63:68.

Blockley WV, McCutchan JW, Lyman H, & Taylor CL (1954). Human tolerance
for high temperature aircraft environments. J. Aviat. Med. 25:515-
522.

Borg GAV (1892). Psychophysical bases of perceived exertion. Med. Sci.
Sports Fxerc. 14:377,381.

Carhart HW, & Williams FW (20 January 1988). The Ex-Shadwell--Full Scale
Fire Research and Test Ship, NRL Memorandum Report 6074,
Washington, D.C. 20375-5000.

Carpenter TM (1964). Tables, factors, and formulas for computing
respiratory exchanoe and bioloQical transformations of enerqy,
Carnegie Institution of Washington Publication 303C, Washington,
D.C.

Duncan HW, Gardner GW, & Barnard Ri (1979). Physiological responses of
men working in fire fighting equipment in the heat. Ergonomics
22:521-527.

Gagge AP, Stolwijk JAJ, & Hardy JD (1967). Comfort and thermal sensations
and associated physiological responses at various ambient
temperatures. Environ. Res. 1:1-20.

Henane RJ, Bittel, R, Viret R & Morine S (1979) . Thermal strain resulting
from protective clothing of an armored vehicle crew in warm
conditions. Aviat. Space Environ. Med. 50:599-603.

lampietro PF 1963, . Use of skin temperature to predict tolerance to
thermal environments. Aerosoace Med. 34:889-890.

Janik CR, Avellini BA, & Pimental NA 19S7, . ..1croclimaze -•--n
systems: Shipboard evaluation of commercial models. NCTRF Tech. Rep
163.

Mitchell JH (1990). Neural control of the circulation during exercise.
Med. Sci. Sports Exerc. 22:141-145.

Muza SR, Pimental NA, Cosimini HM, & Sawka MN (1988). Portable, ambient
air microclimate cooling in simulated desert and tropic conditions.
Aviat. Space Environ. Med. 59:553-558.

Nadel ER, Cafarelli E, Roberts MF, & Wenger CB (179). Circulatory
regulation during exercise in different ambient temperatures. J.
Appl. Physiol. 46:430-437.

19



Nunneley SA, Antunano MJ, & Bomalaski SH 192.. Thermal ccnvergence
fails to predict heat tolerance limits. Aviar. Space Environ. Med.
63:886-90.

Pandolf KB & Goldman RF (1978). Convergence of skin and rectal
temperatures as a criterion for heat tolerance. Aviat. Space
Environ. Med. 49:1095-1101.

Pimental NA & Avellini BA (1989). Effectiveness of three portable cooling
systems in reducing heat stress. Navy Clothing and Textile Research
Facility. NCTRF 176 Tech Rep.

Pimental'NA, Avellini BA, & Banderet LE (1991). Comparison of heat stress
when the Navy fire fighters ensemble is worn in various
configurations. Navy Clothing and Textile Research Facility and U.S.
Army Research Institute of Environmental Medicine. NCTRF Tech Rpt
176.

Ramanathan NL (1964). A new weighing system for mean surface temperatures
of the human body. J. Appl. Physiol. 21:1757-1762.

Romet TT & Frim J (1987). Physiological responses to fire fighting
activities. Eur. J. Appl. Physiol. 56:633-638.

Rowell LB (1983). Cardiovascular aspect of human thermoregulation. Circ.
Res. 52:367-379.

Shvartz E & Benor D (1972). Heat strain in hot and humid environments.
Aerospace Med. 43:852-855.

Speckman KL, Allan AE, Sawka MN, Young AJ, Muza SR, & Pandolf KB (1988).
Perspectives in microclimate cooling involving protective clothing
in hot environments. Int. J. Ind. Erpo. 3:121-147.

Stolwijk JAJ & Hardy JD (1966). Partitional calorimetric studies of
responses of man to thermal transients. J. Appl. Physiol. 21:967-
977.

Terrian DM & Nunneley SA (1983) . A laboratory comparison of portable
cooling systems for workers exposed to two levels of heat stress.
USAFSAM Tech. Rpt. 33-14.

Wenger CB (1988) . Human heat acclimatization. In: Human Performance
Physiology and Environmental Medicine at Terrestrial Extremes. Ed:
Pandolf KB, Sawka MN, & Gonzalez RR. Benchmark Press,
Inc:Indianapolis, 153-197.

20



20

o 9-

at

oo

U.
(0

U)

Ui.

0 0

oN

.0

0

cm
a

0

0

212



LU c

00

cm C
E E

CC
cn=

(3,)sinjjedwjL pjoeh

225



o 40

00
S00

CL

0& S

00

w C:

IU

232



U C.D

cc a

0
E0

0.

- (

(D (

0

0L

ID E 0

0.

o

242



0G 2

0o 0 .

0

C 0

. ... ..... .

_ _ _~~. ........ _ _ _

C~j LO
cm0

(ý-B~~~oleU _6lI e9 P

25U



REPORT DOCUMENTATION PAGE UNoOM18

Puca~c reooulfg DumanWru or ic i~on of intormation is estmirnat to average 1 nlow par resonse. niam*A 6*e orne for reviewvi insmxtons. atemnirvl
*xisuri am sources. gmlenng anid mantn~ing Via data needed. anW cnorteaing GMd iun#.ig the collieaon of imfoaitaltn. Sendl wnmvern regardung VIS
buiefl eOrnaae or an amier aspea of on codecoon of information, uinudrig suggesfions Jor radui*VthiUs bur don. to Waoftton Headquittsro Sarmae.
Directrm for Informatton Oeiramona, ad Reports. 1215 Jefferson Duims Iigimay. Sixth 1204. AdWMpo. VA 2202-43O stid 0 ton Wfith of .IgfeE
and Budget. Paoewoil Reducton Pvopc f0="i.0881. Washingwrn. OC 20603. _ ________________

1. AGENCY USE ONLY (Leav biack) I2. REPORT DATE 3. REPORT TYPE AND DATE COVERED
IJuly 1993 final: July 93

4.TITLEANDSUBTITLE Comparison of two cool vests on S. FUNDING NUMBERS
heat-strain reduction while wearing a firefighting Program Element: 63706N
ensemble in a hot/humid environment Work Unit Number:

6. AUTHOR(S)CDR (s) B.L. Bennett, MSC, USN; R.D. Hagan, M0096-004-6301
Ph.D.; K.A. Huey, M.S.; C. Minson, D. Cain ____________

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 8. PERFORMING ORGANIZATION

Naval Health Research Center Report No. 93-10
P. 0. Box 85122
San Diezo. CA 92186-5122 ______________

9. SPONSORING/MONITORING AGENCY NAME(S) AND AODRESS(ES) 10. SPONSORINGAMONITORING
Naval Medical Research and Development Command AGENCY REPORT NUMBER

1 2a. DISTRIBUTIOWAVAILABIU1TY STATEMENT 12b. DISTR19UTION CODE

Approved for public release; distribution is
unlimited.

13. ABSTRACT (Maxiinuni 200 words)

Heat strain associated with firefighting training and shipboard firefightin~g is a
significant problem for naval personnel. Previous studies suggest that torso cooling
reduces heat strain, however, few studies exist on the effectiveness of different
sized vests in reducing heat strain. Thus, the objective of this stud%,.'.-as ---,

e;-~uae he e::-ecti-;eness of two cool vests worn underneath !:he a-
--to r,. r-aducing heat strain in men resting and exercis-,n in

- ~ RH. Male.olunteers (n=12) attempted -

t s 7: :i j min treadmill w.,alkingT 120* :. Mln
ýCn-r 4-pack, and 6-pack cool vast.

-_-... -,teratu,.res, and heart rate. Tolerance time .7as sc~~-'
znr-z. ~nd-it-on (92.8 min) compared to the two vest conditions t1 'ZO m''

----------------- erperatures were lower with the cool vests. Peak values for r--cal
rnmperature were 38.9 ± 0.50C for control, 38.6 ± 0.40C for 4-pack and 38.0 ' 30
-:r 2-pack. Peak values for mean skin temperature were 38.4 ± 0.5 0 C for control, 23i

V t 7.5'C for 4-pack, and 36.8 ± 0.70C for 6-pack. Energy expenditure and heart rat.-
in response to the rest/exercise cycles. Our findings indicate that '~erng

a cocal vest under'neath the Navy firefighting ensemble can reduce heat strain in
_nciividuals resting and working in a high heat environment.

14. SUBJECT TERMS IS. NUMBER OF PAGES

Heat stress, shipboard firefighting, heat strain 2
countermeasures 1.PIECD

17. SECURITY CLASSIFICA- 18I. SECURITY CLASSIFICA- 19. SECURITY CLASSIFICA- 20. UMITATION OF AB3STRACT
TION OF REPORT TION OF nI PAGE ITION OF ABSTRACT

Unclassified Unclassified IUnclassified IUnlimited

NSN 7540.01-280-5500 Standard Form 298 (Rev. 2-89)
Preea'ibedby ANSIlStl Mg- 18
298-w0


